Landscape ecology as a field of study requires data from broad spatial extents that cannot be collected using field-based methods alone. Remote sensing data and associated techniques have been used to address these needs, which include identifying and detailing the biophysical characteristics of species habitat, predicting the distribution of species and spatial variability of species richness, and detecting natural and human-caused change as scales ranging from individual landscapes to the entire world (Kerr and Ostrovsky, 2003) . This has been exemplified in a growing number of special issues of journals and journal articles that have focused on remote sensing applications in landscape ecology (Cohen and Goward, 2004; Gillanders et al., 2008; Newton et al., 2009; Rocchini, 2010a and b) . Howvever, we believe that thermal remote sensing data have not been widely exploited to their full potential in landscape studies.
Thermal data have important characteristics that can be used to derive quantitative measurements of surface energy balances and fluxes across the landscape, but widespread use of these data in landscape ecological research may still be somewhat enigmatic to some investigators.
In an article published in 1999, we examined the direct or indirect uses of thermal infrared (TIR) remote sensing data to analyze landscape biophysical characteristics to offer insight on how these data can be used more robustly for furthering the https://ntrs.nasa.gov/search.jsp?R=20160007021 2019-12-28T19:29:07+00:00Z understanding and modeling of landscape ecological processes (Quattrochi and Luvall, 1999 ). As we noted at the time our article was published, we believed there was a perception that TIR data were difficult to use for applications in landscape characterization and analysis. Here we present a review and update of the literature related to TIR remote sensing in landscape ecological process studies to further illustrate both how the literature has grown, and to expand upon research area themes that were not included in our original article. Additionally as we noted in our 1999 article, accessing the literature related to TIR data and landscape ecological processes was difficult because of its fragmentation across a wide spectrum of journals or other scientific resources. Because of the interdisciplinary nature of research on TIR data and landscape processes, this is still true to some extent today; the literature on TIR remote sensing applications for land surface process analysis is being published in a wide range of publications, such as those focused strictly on remote sensing, or spread across numerous inter-or multidisciplinary publications such as hydrometeorology, climatology, meteorology, or agronomy.
As we related in 1999, and expounded upon in our edited volume Thermal Remote Sensing in Land Surface Processes (Quattrochi and Luvall, 2004) , we foresaw that the applications of TIR remote sensing data to landscape ecological studies has been limited for three primary reasons:
1)
TIR data are little understood from both a theoretical and applications perspective within the landscape ecological community;
2) TIR data are perceived as being difficult to obtain and work with to those researchers who are uninitiated to the characteristics and attributes of these data in landscape ecological research;
3)
The spatial resolution of TIR data, primarily from satellite data, is viewed as being too coarse for landscape ecological research, and calibration of these data for deriving measurements of landscape thermal energy fluxes is seen as being problematic.
Given the increase from 1999 (and even from 2004 when our book was published) in the TIR literature that has been published, these three issues have been considerably mitigated, but not entirely mollified. It, therefore, is still useful to examine examples of the literature that has been published post-1999 to provide further evidence and review of how TIR data has been applied to landscape ecological and land processes research. As was described in our article and book, there are two fundamental ways that TIR data can contribute to an improved understanding of landscape processes: 1) through the measurement of surface temperatures as related to specific landscape and biophysical components; and 2) through relating surface temperature with energy fluxes for specific phenomena or processes. This is not an exhaustive review; we wish only to provide further credence using selected selected studies taken from the literature that highlight and support the utility of TIR data to quantify and model land surface processes. We do so by providing citations that generally fall within several applications areas that we believe are most critical for illustrating the virtues of TIR data and associated analysis methods.
Some Background on NASA TIR Satellite Instruments
Evaluation of the earth's radiation energy balance has been a primary design function of the meteorological and other earth-sensing satellites since the launch of Explorer VII in 1959 (Diak et al., 2004 However, a discussion of these systems will not be presented here for the sake of brevity 2 .
The Use of TIR Data in Analysis Landscape Ecological Characterization
Solar and thermal radiation within the earth-atmosphere regime governs the energy available at the earth's surface for heating and cooling of the air (i.e., sensible heat), the evaporation of water from soil and vegetation (i.e., latent heat) and heating or cooling of natural (e.g., soil) and non-natural (e.g., pavement) land surfaces. The earth's only significant source of energy is solar radiation, which is partitioned into various energy fluxes at the surface (Diak et al., 2004) . The ultimate driving factor controlling surface characteristics such as soil moisture, land cover, and vegetation conditions, is the energy transfer that occurs in land-atmosphere interactions. The simplest form of the surface energy balance (assuming no advection of energy across the land surface) is given by:
where R net is the net radiation balance, G refers to the soil heat flux (i.e., the energy used to warm the near surface soil layers, H is sensible heat flux and LE is the latent heat flux The ability to quantify the partitioning of available energy at the land surface into sensible and latent heat flux is key to understanding the impact of the land surface on atmospheric processes (Czajkowski et al., 2000) . Understanding land-atmosphere energy exchange processes is important for improving short-term meteorological conditions (i.e., the weather), and in predicting the impacts of natural and anthropogenic changes in the land surface on long-term climate variability (Humes et al., 2000) . Although land-atmosphere energy fluxes can be measured using in situ methods via surface thermal radiation measurements and soil moisture instruments, the synoptic view provided by remote sensing data from satellites can measure land surface temperatures and energy fluxes over a wide area repetitively for multiple temporal periods (i.e., hours, days, weeks) for the same geographic area on earth.
This facilitates the modeling of surface energy fluxes for different land covers across the heterogeneous land surface, for developing an understanding how individual land covers with different thermal characteristics force energy exchanges between the land and atmosphere. There are numerous references that explain thermal IR theory and how it can be used to derive surface thermal energy balances using remote sensing data (see for example Quattrochi and Luvall, 2009 and Quattrochi et al., 2009 ) and this will not be explained here.
Estimating Land Surface Energy Budgets Using Remote Sensing Data
Satellite remote sensing provides an excellent opportunity to study landatmosphere energy exchanges at the regional scale. Many algorithms have been developed and tested using satellite TIR data to measure regional distributions of land surface temperature (LST), land surface reflectance, particularly that from vegetation, using the Normalized Vegetation Index (NDVI), and fluxes of net radiation, soil heat, and sensible and latent heat flux. The NDVI has been used extensively to measure canopy density (or biomass content) to develop better regional estimates of energy fluxes for vegetation at the regional scale (see Quattrochi and Luvall, 1999, 2004 Terra to get an assessment of how large these differences are across Canada. Using Spectral mixture analysis provides an efficient mechanism for the interpretation and classification of remotely sensed multidimensional imagery. It aims to identify a set of reference signatures (also known as 'endmembers') that can be used to model the reflectance spectrum of at each pixel of the original of a finite number of ground components (Plaza et al., 2002) .
associated disaggregation technique (DisALEXI), in effecting regional to local downscaling of these data. An excellent reference that provides an overview of advances in thermal infrared-based land surface models is also provided by Kustas and Anderson, 2009 .
Evaporation/Evapotransipiration/Soil Moisture
A predominant application of TIR data has been in inferring evaporation, evapotranspiration (ET), and soil moisture. This is verified by the numerous references in the literature relating to this application as we noted in our 1999 article and Quattrochi . The better agreement between the estimates and the measurements indicates that the remote sensing model is appropriate for estimating regional ET over heterogeneous surfaces.
Another study conducted as part of SMACEX by Su et al., (2005) and January 2004 were resampled to 1km, and were used to generate surface albedo, land surface temperature, and emissivity. Evaporative fraction and daily AET were generated using a fusion of MODIS-derived land surface variables coincident with ground observations. Land cover classes were assigned using a hierarchical decision rule applied to multi-date NDVI and applied via a triangle method to estimate the relationship between NDVI and surface temperature. Energy balance daily AET from the fused MODIS data was found to deviate from water balance AET by between 4.3% to 24.5% across five study sites with a mean deviation of 11.6%. The RMSE from the energy balance AET was found to be 8% of the mean water balance AET. Thus, the satellite-based energy balance approach can be used to generate spatial AET, but as noted by the investigators, further refinement of this technique should produce more robust results.
Remote sensing with multispectral infrared can improve regional estimates of ET by providing new constraints on land surface energy balance. Current models use visible and near infrared bands to obtain vegetated cover and in some cases utilize TIR data; these data together yield good ET estimates. However, it may be possible to enhance these ET models by using emissivity estimates derived from TIR emissivity, which is a property related to fractional vegetation cover but independent of plant greenness (French and Inamdar, 2010) . This is demonstrated in a study using MODIS observations obtained over Oklahoma and Kansas, which were compared with changes in NDVI for winter wheat and grazing land. It was found that emissivity changes were independent of NDVI and sensitive to standing canopies, regardless of growth stage or senescence. Therefore, emissivities were seasonally dynamic, able to detect wheat harvest timing, and helpful for modeling ET.
Data combinations from different satellite sensors potentially provide even more useful information on soil wetness than by using data from one satellite platform alone. Further information on the assessment of ET and soil moisture content across different scales of observation that has implications in deriving ET from satellite-based data is given in Verstaeten, Veroustaete, and Feyen (2008) . Here they provide a summary of the generally accepted theory of ET, a summary of ET assessment at different scales of observation, a summary of data assimilation schemes for estimating ET using reflectance and TIR remote sensing data, and a summary of soil moisture retrieval techniques at different spatial and temporal scales. Another useful reference on scaling of TIR data for evaporation estimation is given by Li et al., (2009) . Here they provide an overview of the commonly applied ET models using remote sensing data at regional scales. They discuss the main inputs, assumptions, theories, advantages and drawbacks of different ET models. They also provide insight into the limitations and promising aspects of the estimation of ET-based remotely sensed data and groundbased measurements.
Drought Monitoring
In addition to using TIR data for ET and soil moisture analysis over vegetated surfaces, there is also a need for using these data for assessment of drought conditions. Anderson and Kustas (2008) illustrate that ALEXI model can successfully be used with TIR data to model ET and drought at local to continental scales. They demonstrate this using GOES AVHRR data to produce ET soil moisture stress estimates at a 10 km grid resolution over the coterminous U.S. They also indicate that in 7 Thermal inertia is the ability of a landscape to resist change in temperature. Because thermal inertia is related to surface composition or to near-surface moisture, remote sensing can be used to measure this property. We explain the utility of thermal inertia measurements in landscape analysis in our1999 Landscape Ecology article on pages 583-584.
driving the correlation between LST and NDVI, whereas other biophysical variables play a lesser role. Air temperature is the primary factor in midsummer. They conclude that there is a need to use empirical LST-NDVI relationships with caution to restrict their application to drought monitoring to areas and periods where negative correlations are observed, primarily to conditions when water -and not energy -is the primary factor limiting vegetation growth.
Desert or Arid Environments
Desert or arid environments occupy a significant portion of the earth's surface and with the prospect of the spatial extent of arid lands possibly increasing due to global climate change, they are important areas for analysis in landscape ecology. In association with drought monitoring, TIR data have been used to study surface temperature characteristics over desert or arid environments. For example, Akbar et al. Research by Qin, Karnieli, and Berliner (2001 , 2002 ) also used thermal data from the AVHRR to estimate LST and the variation of this parameter over the Israel-Sinai peninsula. As they note, the retrieval of LST from AVHRR data with two channels in the 10.5-11.3 µm bandwidth is usually derived using split window algorithm technique. In order to assess the spatial distribution of LST over the study area, they used a modified version of the split window technique that only requires input on emissivity and transmittance, as opposed to other versions of this technique that require atmospheric parameters that are generally difficult to estimate due to absence of in situ atmospheric profile data 8
. An LST image in combination with a pseudo-color image generated from AVHRR reflective wavelength bands (1, 2, and 4). A sharp contrast in arid land characteristics can be identified on both sides of the Israel-Egypt border. This contrast is a direct result of different vegetation cover and biogenic crust percentage on both sides.
8 Extensive work has gone into the development of algorithms to estimate LST from AVHRR channels 4 and 5. The primary approach is the so-called "split window" technique that uses the difference in brightness temperatures between AVHRR channels 4 and 5 to correct for atmospheric effects on sea surface and land surface temperatures. The split window method corrects for atmospheric effects based on differential absorption in adjacent infrared bands in deriving LST from satellite data. The split window technique works independently of other data sources and takes advantage of the differential effect of the atmosphere on the radiometric signal across the atmosphic window region (Czajkowski et al. 2004.) . Two other informative sources on the split window technique and retrieval of LST from satellite data are Wan and Dozier(1996) and Dash, et al. (2001) .
Miliaresis and Partsinevelos used monthly night averaged LST derived from
MODIS throughout a year-period (2006) in an attempt to segment terrain of Egypt into regions with different LST seasonal variability, and represent them parametrically.
Regions with distinct spatial and temporal LST patterns were identified using several clustering techniques that captured aspects of spatial, temporal, and temperature homogeneity or differentiation. Segmentation was augmented by taking elevation, morphological features, and land cover information into consideration. Analyses of these data showed that the lowland northern coast region of Egypt along the Mediterranean Sea corresponds to the coolest clusters, indicating a latitude/elevation dependency of seasonal LST variability. Conversely, for inland regions, elevation and terrain dissection plays a key role in LST seasonal variability, while an east to west variability of spatial distribution in clusters is evident. Lastly, elevation biased clustering revealed annual LST differences among the regions with the same physiographic and terrain characteristics. Thermal terrain segmentation outlined temporal variation of LST during the year period, as well as the spatial distribution of LST zones.
Thermal Energy Theory as Applied to Ecological Thermodynamics
The concept of ecological thermodynamics provides a quantification of surface energy fluxes for landscape characterization in relation to the overall amount of energy input and output from specific land cover types. The concept of ecological thermodynamics was introduced in the Quattrochi and Luvall (1999) Landscape Ecology paper, but here we present a more thorough understanding of the techniques and methods embodied within this concept to offer an updated and clearer understanding of its utility and virtues Terrestrial ecosystem's surface temperatures have been measured using airborne and satellite sensors for several decades. Using NASA's Thermal Infrared
Multispectral Scanner (TIMS) Luvall and his coworkers Luvall et al 1990; Luvall and Holbo 1991) have documented ecosystem energy budgets for tropical forests, mid-latitude varied ecosystems, and semiarid ecosystems. These data show that within a given biome type, and under similar environmental conditions (air temperature, relative humidity, winds, and solar irradiance), the more developed the ecosystem, the cooler its surface temperature and the more degraded the quality of its reradiated energy. These data suggest that ecosystems develop structure and function that degrades the quality of the incoming energy more effectively; that is they degrade more exergy
Recent advances in applying principles of nonequilibrium thermodynamics to ecology provide fundamental insights into energy partitioning in ecosystems.
Ecosystems are nonequilibrium systems, open to material and energy flows, which grow and develop structures and processes to increase energy degradation. More developed terrestrial ecosystems will be more effective at dissipating the solar gradient (degrading its exergy content).
Thermal energy theory results from work to understand ecological development.
(See Kay 2000 for an overview.) The research in ecological thermodynamics has focused on linking physics and systems sciences with biology, and especially linking the science of ecology with the laws of thermodynamics. This research follows on the observation that similar developmental processes are observed in ecosystems, from small laboratory microcosms, to prairie grass systems, to vast forest systems and ocean plankton systems. Such similar phenomenology has long suggested underlying processes and rules for the development of ecological patterns of structure and function (Odum 1969) . Furthermore, recent advances in nonequilibrium thermodynamics coupled with the investigation of self-organizing phenomena in different types of systems, (from simple convection cell systems to forested ecosystems) has revealed that all self-organizing phenomena (including ecosystem development) involve similar processes, processes which are mandated by the second law of thermodynamics. This conclusion, as discussed below, provides a basis for a quantitative description of ecosystem development. (Fraser and Kay 2004; Kay 1991; Schneider 1992a, 1992b; Schneider and Kay 1993 , 1994a , 1994b Regier Kay 1996 .)
The study of self-organization phenomena in thermodynamic systems is based on systems that are open to energy or material flows, and which reside in quasi-stable states some distance from equilibrium, (Nicolis and Prigogine 1977) . Both non-living self-organizing systems (like convection cells, tornadoes and lasers), and living selforganizing systems (from cells to ecosystems), are dependent on exergy (high quality energy) fluxes from outside sources to sustain their self-organizing processes. These processes are maintained by the destruction of the exergy; that is the conversion of the high quality energy flux into a flux of lower quality forms of energy. Consequently, these processes increase the entropy of the larger "global" system, in which the selforganizing system is embedded. Crucial insights, into the dynamics of self-organizing systems can be gained from examining the role of the second law of thermodynamics, in determining these dynamics.
Using exergy, the second law of thermodynamics can be applied to nonequilibrium regions and processes. In this systems can be described in terms of the exergy fluxes setting up gradients (e.g., temperature and pressure differences in classical thermodynamic systems). With the establishment of these gradients, the system is no longer in equilibrium. The system responds to these imposed gradients, by self-organizing in a way which resists the ability of the exergy fluxes to establish gradients, and hence move the system further away from equilibrium. More formally, a restatement of the second law says that as systems are moved away from equilibrium, they will utilize all avenues available to counter the applied gradients. As the applied gradients increase, so does the system's ability to oppose further movement from equilibrium (Schneider and Kay, 1994a) . As a system self-organizes, the more effective it will become at exergy utilization. Kay and Schneider (1994c) Thus it can be predicted that more mature ecosystems will degrade the exergy they capture more completely than a less developed ecosystem ( 
Beta Index as a Measure of Surface Temperature Spatial Variation
Three measures to characterize the thermodynamic performance of the ecosystem, the ratio Rn/K*, the Beta Index and the TRN. The average temperature for a forest canopy cannot express the spatial variability. However, as demonstrated by Holbo and Luvall (1989) , the frequency distributions of temperatures can be used as a powerful model in differentiation and identification of land surface cover types and their properties. They found that a beta distribution closely resembles the observed temperature frequency distributions from forested landscapes. An advantage of using the beta distribution, as a model is that it utilizes the pixel frequency distributions directly, and no high-order, measurement-error-magnifying statistics are used ( Figure   3 ). From this they developed the Beta Index by which these forested landscapes could be classified and quantify the spatial temperature variability of the ecosystem. As ecosystems develop, nonequilibrium thermodynamic theory suggests that they would tend toward internal equilibrium. Therefore we would expect the spatial variability of temperature to decrease as an ecosystem develops (Table 1) . Thus a large beta index should indicate a more developed ecosystem. These data are consistent with viewing ecosystems in terms of nonequilibrium structures and processes. Nonequilibrium thermodynamic theory suggests dissipative systems tend toward steady state and develop homeostatic methods for maintaining steady state and thus we expect temperature variability to decrease with ecosystem development. Figure 3 . Fitting BETA probability distributions to observed frequency distributions. .
Thermal Response Number
The second characterization measure, the Thermal Response Number (TRN), can be applied where ever there are overlaps in adjacent flight lines. The TRN was developed in Holbo (1989, 1991) as a remote sensing based technique for describing the surface energy budget within a forested landscape. This procedure treats changes in surface temperature as an aggregate response of the dissipated thermal energy fluxes (latent heat and sensible heat exchange; and conduction heat exchange with biomass and soil). The TRN is therefore directly dependent on surface properties (canopy structure, amount and condition of biomass, heat capacity, and moisture).
Surface net radiation integrates the effects of the non-radiative fluxes, and the rate of change in forest canopy temperature presents insight on how non-radiative fluxes are reacting to radiant energy inputs. The ratio of net radiation to change in temperature can be used to define a surface property referred to as the Thermal Response Number (TRN).
where
represents the total amount of net radiation ( Rn ) for that surface over the time period between flights ( ∆t = t 2 − t 1 ) and
∆T is the change in mean temperature of that surface. Experiments by the P.I. using the Thermal Infrared Multispectral Scanner (TIMS) showed that 15-30 minutes between over-flights is sufficient time difference to obtain measurable and useful changes in forest canopy temperature due to the change in incoming solar radiation.
The mean spatially averaged temperature for the surface elements at the times of imaging is estimated from T = 1 n T p ∑ ; where each T p is the temperature of a pixel in the thermal image, and n is the number of pixels of the surface element. The TRN provides an analytical framework for studying the effects of surface thermal response for large spatial resolution map scales that can be aggregated for input to coarser scales as needed by climate models. The utility of TRN is that (1) it is a functional classifier of land cover types; (2) it provides an initial surface characterization for input to various climate models; (3) it is a physically based measurement; (4) it can be determined completely from a pixel by pixel measurement or for a polygon from a landscape feature which represents a group of pixels; (5) surface topography and orientation of observation are not handicaps where adequate digital elevation data are available. The TRN can be used as an aggregate expression of both environmental energy fluxes and surface properties such as forest canopy structure and biomass, age, and physiological condition; urban structures and material types. Luvall and Holbo 1989 , Bishop et al. 2004 K* = net incoming solar radiation, L* = net long wave, Rn = net radiation, Rn/K* = percent of net incoming solar radiation degraded into non-radiative processes.
A similar index, thermal buffer capacity (TBC) was later proposed by Aerts et al. 2004 as a dissipation indicator:
Ecological Complexity and Ecological Health
The use of ecosystem exergy theory with thermal remote sensing observations is beginning to be used to study other ecosystems throughout the world. Robinson communities aged 13 years and 1 year. These transects sampled the typical vegetation complexity and land use in Xishuangbanna, southwestern China. They concluded that these thermodynamic indices could discriminate differences in complexity among ecosystems studied both in the dry and wet seasons. Norris et al. 2012 studied the application of ecological thermodynamics theory to ecosystem climate change adaptation and resilience. They concluded using ecological thermodynamic indicators would significantly enhance the understanding of the characteristics of resilient and adaptable natural environments.
Concluding Remarks
In our final remarks in our 1999 paper, we noted that the incorporation of TIR data into landscape studies offers the prospect to measure the state and dynamics of energy fluxes across and between landscapes, from the patch to the regional levels.
The utilization of TIR remote sensing in landscape ecological research has indeed, as illustrated buy the numerous references cited herein, made meaningful and significant progress since the publication of our Landscape Ecology article. The utility of TIR data is now commonplace and a "known quantity" for application to landscape ecological research. This is a product of the increased amount of references in the literature to TIR data in landscape studies, but even more so because of the number of satellite platforms that have been launched in the last 14 years since our article was published.
Of principle importance have been the TIR sensors onboard the NASA Terra Earth
Observing platform (i.e., MODIS and ASTER) where the thermal data from these One future mission in particular is important for furthering the use and analysis of TIR data for landscape assessment -the Hyperspectral Infrared Imager (HyspIRI). This will be a combined hyperspectral/thermal instrument with 213 spectral channels between 380 and 2500 nm on 10nm centers, and the TIR sensor will have 8 spectral channels (7 between 7.5-12 µm and 1 at 4 µm). Both instruments will have a spatial resolution of 60 m and the revisit time for HyspIRI will be 19 and 5 days for the Visible/Shortwave Infrared (VSWIR) and TIR instruments, respectively. 10 The HyspIRI mission, therefore, will offer an unprecedented opportunity to obtain high spatial resolution multispectral TIR data that can be used in landscape ecological and land surface processes research, at revisit times wherein observations of the land surface can be made at repeat times that to date, are unattainable by current NASA Earth science missions.
In the spirit of the Decadal Survey, HyspIRI is designed to address a number of thematic topics and underlying science questions related to the observation, measurement, and analysis of land surface characteristics and ecosystem functioning.
Although the HyspIRI science questions, at least in part, all focus on land surface issues, three overarching science question in particular, are of significance to furthering and fostering data analysis and modeling with TIR data from a landscape ecological perspective:
• How does urbanization affect the local, regional, and global environment?
Can we characterize this effect to help mitigate its impact on human health and welfare?
• What is the composition and temperature of the exposed surface of the Earth? How do these factors change over time and affect land use and habitability?
• What is the composition of the exposed terrestrial surface of the Earth, and how does it respond to anthropogenic and non-anthropogenic drivers?
Correspondingly, each of these overarching science questions has underlying science sub-questions that elucidate issues associated with these larger questions. It is anticipated that HyspIRI with its hyperspectral/multispectral capabilities and improved revisit times, will provide the VSWIR and TIR data needed to help answer these questions In summary, we have presented here a synopsis and description of relevant literature that has been published on thermal infrared remote sensing for analysis of landscape ecological and land surface processes research, since the publication of our article that appeared in Landscape Ecology in 1999, and which augments the information presented in our Thermal Remote Sensing in Land Surfaced Processes book, published in 2004. To this end, we believe that the review of the literature that is presented here annunciates the overall premise of the importance of TIR data for advancing the science of landscape ecological and land surface processes research.
TIR data are now readily available from a number of NASA Earth observing satellite platforms at differing spectral and spatial scales that lend themselves in the overall analyses and modeling of a host of landscape characteristics and processes. In actuality, the volume of TIR data that are now available is somewhat overwhelming, and the specific types of TIR data and the spatial/spectral scales of these data, must be carefully matched with the landscape research in question. Dependent upon the objectives of specific research, it may in fact be prudent to utilize and compare TIR data collected at different spatial and spectral scales from different satellites, to develop a more complete understanding of the thermal characteristics, energy balances, and fluxes, that force or drive the landscape processes of interest. And, there is more TIR data to come in the future with the launch of NASA missions such as HyspIRI as well as Earth observing instruments launched by the European Space Agency (ESA) and other national entities. Through increased use and analyses, the science questions and research associated with developing a more comprehensive visual, qualitative, and quantitative insight into landscape functioning and characteristics that make the land surface, the" 'landscape", will be realized.
